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all pigs. Myocardial perfusion in the normally-perfused LAD and collateral- 
perfused LCx regions were determined with colored mlcrospherus. Coronary 
micrevassals were etudied in vitro with video-microscopy. Responses = % 
relaxation of acetylcholine-induced contraction. 
Group AOP (10/~M) PlnacidJl (10 #M) SNP (10/~M) 
LAD-control 70 ± 3* 83 ± 1 73 ± 4 
LCx-¢ontml 46±4 82±4 76±3 
LAD-VEGF 77±7" 84±4 82±6 
LCx-VEGF 75 ± 3* 92 ± 4 70 ± 5 
*p < 0.05 vs LCx-conlrol. 
Relaxations to pinacidil (K + ATP channel opener) and nitroprusside (SNP) 
were similar in all groups. Endethellum-depandent relaxation to ADP was 
impetred by collateral-dependent perfusion. These responses were signifi- 
cantly preserved with VEGF treatment. LCx/LAD blood flow ratio at rest was 
similar in the VEGF (1.10) and control (1.15) groups, but dudng atrial pacing, 
perfusion was improved in the VEGF-treated animals (1.50) compamcl with 
control pigs (0.98, p < 0.01 vs VEGF). The improved vascular function and 
pertusion associated with VEGF treatment may have implications regard- 
ing the management of patients with severe coronary disease who are not 
candidates for conventional methods of revasculadzetion. 
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~ Tetralogy of Fagot With and Without Pulmonary 
Atresia: Different Prevalence of Genetic 
Syndromes 
Mada C. Digilio, Bruno Madno, Sabtna Grazioli, Rite Mingarelli, 
Giuseppe Noveili, Aldo Giannofti, Bruno Dallapiccola. Card/o/ogy and 
Genetics, Bambino Ges~ Hospital, Rome, and Tor Vergata University, 
Rome, italy 
Tetralogy of Fallet (TF) with or without pulmonary atresia (PA) is a conotruncal 
heart defect occurring as isolated malformation or in association with noncar- 
diac anomalies. In order to evaluate the prevalence of genetic syndromes, 
168 consecutive children with TF underwent phenotypio, cardiolngical and 
genetic evaluation. Southern hybddization with HD7k probe and fluorescent 
in situ hybridization with Scll .1 probe for detectlan of 22qll deletion (Dal22) 
were performed. Clinical and molecular esults obtained in 22 patients with 
TF and PA have been compared with those found in 146 patients with classic 
TF. Tk~:~ prevalence of genetic syndromes among patients with TF and PA 
(14/22 = 640/0) was significantly higher (p < 0.01) in compedson with that 
found in patients with dassic TF (45/146: 31%). A clinical diagnosis of DiGe- 
orge, velocardiofacial or CHARGE syndromes was roached in 12/22 (54%) 
of patients with TF and PA and in 171146 (12%) with TF (p < 0.001). Also 
the detection of Dei22 was significantly different (p < 0.01) in the two groups 
(7/22 = 32% versus 91146 = 6%). In conclusion, patients with TF and PA are 
at particular isk for genetic syndromes, especially branchial arch syndromes 
related to De122. An accurate phenotyplc and genetic evaluation is needed 
in these patients. 
~ Isolated Conotruncal  Heart Defects Are Really 
Related to  Mlcrodelet ion of  Chromosome 22q117. 
Mada C. Digilio, Bruno Madno, Ri~ Mingarelli, Giuseppa Novelli, 
Francesca Amati, Aldo Mad, Aide Giannotti, Bruno Dallaplccola. Card/ology 
and Genetics, Bambino Gesh Hospital, Rome, and Dept. Cell. Biology, Tor 
Vergata Universi~ Rome, Italy 
Cytogenetic and molecular studies have documented a strong association 
between deletion of chromosome 22qll (De122) and conotruncal heart de- 
fects (CTHDs) in the setting of DiGeorge (DG) and Valocardiofacial (VCF) 
syndromes. De122 has been reported also in a high proportion (15-30=/=) 
of children with isolated non-syndromic CTHD. In order to investigate the 
effective prevalence of Da122, we screened 183 patients with strictly isolated 
CTHD. Children with classic or subtle phenotyplc anomalies, abnormal fa- 
eias, thymic defects, cleft palate and hypocatcemla were excluded from this 
study. Tetralogy of Failer was present in 100 patients, transposition (TGA) 
in 42, congenitally corrected TGA in 14, pulmonary atresia with ventdcular 
septel defect in 10, double outlet fight ventricle in 6, asplenia in 6, truncus in 
5. Testing included 5outhem hybddization with probe HDTk and in situ hy- 
bridization (FISH) with probe Sa11.1. Dei22 was detected in only one patient 
with TGA (11183 = 0.5%). In contrast with previous reports, the prevalence of 
Dei22 is very low in non-syndromic hildren with strictly isolated CTHD. An 
accurate phenotypic analysis and clinical follow up may select the patients 
with CTHD at substantial risk for Da122. 
_l_)et..erminants of  Long-Tenn Survival  in Tetralogy of  
Pallot: 36 Years Pollow-up in 447 Rrs t  Year 
Survivors After Repair 
Gesrg Nollert, Teddy Fisohlein, Eckart Kmuzer. Armin Welz, Heindch Netz, 
Wemer Klinner. Bruno Reichart University of Munich, Germany 
We investigated ultra-long.term survival after surgical repair of tetralogy of 
faliot (TOF) in order to analyze which parameters predispose or cause for 
premature death. From 12/1958 to 6/1977 701 patients (age: 11.2 + 9.2 
years; range 0-56 years; 44°/= female) had a correction of their TOF at 
our institution; 140/o (n = 116) were lust te follow-up. One previous palliative 
operation had 33.6% of the patients; 2.6% had two and 0.1% three. In the 
operative pedod 124 patients (250/0) died in the first year after surgical repair. 
These patients were excluded for further statistical analysis. Actuarial 10, 
20, 30 and 36 years sun, heal was 97%, 94%, 91% and 91% respectively. 
Univadate correlates of survival in the remaining 447 patients were use of 
a pulmonary outflow patch (n = 95; p = 0.0004), cardio-putmonary bypass 
time (operations using venthcutar fibdllation; p < 0.0001), age (p < 0.0001; 
lowest dsk between 6 and 20 years) and date of operation (better outcome of 
patients operated in the 19701as; p = 0.026); multivariate correlates in a Cox 
regression model were only bypass time (p = 0,035) and use of a puimonmy 
outflow patch (p .~ 0.030). Patients with a bypass time below 40 rain 
no pulmonary outflow patch (n = 128) had a 36 years actuarial survival of 
96% with only 1 death at 25 years after the operation and reached normal 
life expectancy. Ischemlc damage during the operation in these chronically 
hypoxic hearts (average age in this historical group above 10 years) And 
pulmonary insufficiency due to an outflow patch are the most important 
factors influencing the excellent long-term outcome after surgical repair of 
TOF. 
~ 5 ~  Long Term Benefit of  Pulmonary Valve 
Replacement for  Progressive Pulmonary 
Insuff ic iency After Repair o f  Tetralogy o f  Fagot 
Ravi Mandapati, Rae-Ellen W. Kevey, Craig J. Byrum, Frank C. Smith, 
Daniel A. Kvesel ~ ', Winston E. Gaum. SUNY Health Science Center, 
Syracuse, New ': urk 
Pulmonary valve replacement (PVR) is frequently considered for pts with 
progressive pulmonary insufficiency (PI) and severe fight venthcular (RV) 
dilation after repair of Tetralogy of Fallet. Short term benefit has been docu- 
mented but long term results remain unclear especially in light of reports of 
xenogratts requidng m-replacement for valve degeneration and/or stanusis. 
To evaluate the long term response to PVR in this setting, we reviewed the 
results of a group of 12 lots who have been followed prospectively for now a 
moan of 10 yrs alter PVR. Mean age at Tetralogy repair was 6.6 yra (range: 
3,5 to 10 yrs). In each pt, the decision to proceed to PVR was based on 
progressive RV dilation on echcoerd~graplty, plus new onset of tricuspid 
insufficiency in 3 of 12 and etenosis and iusulfidency of a previously placed 
conduit in ". Mean age at PVR was 14.3 yrs (range: 8.5 to 21 yre). Preoper- 
ative, 2 ;  J 10 yr post-operative findings on echocardmgraphy, chest x-ray, 
and Holter monitoring are shown below: 
Pre-op (n - 12) 2ympost (n = 12) 10 ympost (n = 10) # 
Echo RV/LV 1.02±0.25 0.74,0.14" 0.79±0.17' 
c/r Ratio 0.59 ± 0.0~ 0.55 ± 0.02" 0.54 ± 0.05" 
Holter,'Gr 4 VPCs 3/12 3/12 3/10 
p < 0.01 compared with pre-op. 
Two pts domonslmted pmg.mssive stenosis and insueiciency of the conduit valves at 5 
yls after PVR and had a second PVR pedormecl with again reductlan i  RV size. N 10 yrs 
after their original PVR, the echo, x-my and holier findings in these two pts do not differ 
from those of the group at large. 
These study findings indicate objecthm ,mprevernent in RV size late after 
PVR for progressive PI post repair of Tetmfugy of Fallot. 
~ Pulmonary Artery Stennsla in Infant Repairs of  
Tetralogy of  Fagot 
David J. Barton, Robert K. Lamb, Piers E, F. Daubeney, Barry R. Keeton, 
Anthony P. Salmon, James L Monm. Wessex Cardiothoracic Centre, 
Southamplon, UK 
Controversy continues over the repair of Tetralogy of [=allot (TOF) in the first 
year of life where undersized pulmonary arteries (PA) may lead to higher rate 
of transannular patching and subsequent PA stenoses. A lower mortality rate 
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is also claimed by the proponents of repair outside of infancy. From 1974 to 
1993, 103 infant repairs were performed with a mean age at repair of 6.1 
(SEM 0.3) months, 9% of cases were under I month of age. All procedures 
were complete conections and only 3 patients had undergone previous hunt 
operations. Early mortal@ was 3.8% overall with zero mortality over the past 
5 years (46 cases). Transannular patching was required in 61% of cases. 
Surgical technique has changed during the pedod of this study from the 
transventricular pproach (60 cases) to the fransatrial approach (43 cases) 
with a decreased incidence of transannular petchthg from 82% to 32% (P < 
0.O 1 ). Follow up was 92% complete and a mean follow up pedod of 6.8 years. 
Actuarial (Kaplan-Meier) survival at 1 yearwas 96% and at 17years was 94%. 
There were no cardiac related late deaths. Congenital native PA stsncsos 
were found in 9 cases, all of which ware corrected at the time of surgery. 
Subsequent PA staneses occurred in 6 c~as. Two were ~ss fu l l y  balloon 
angloplastied but the remainder required reeperetion. Three were related to 
previously repaired congenital stsnosis. One was related to the site of the 
BT shunt and only 2 (2"/o) developed new stonoses, these were both at the 
origin of the left PA and both had tcansannular patching originally. Infant 
repair of TOF can be achieved with low perieperafive mortality and rewarding 
long-tsrm results. The incidence of bansannalar patching is somparebie 
with that reported in older children and has fallen significantly with use of 
the transatriel approach. Ccngenifal PA abnormalities can be successfully 
treated at the time of operation and subsequent now PA abnormalities are 
rare but may require surgical repair. 
Monoousp Valves in the Transannular Patch Repair 
of Tetralogy of Failer: Do They Make a Difference? 
Tiscer Cavalle-Garddo, Glen Van Arsdell, Brian W. McCdndte, 
Christine Boutin, The Hospital For Sick Children, University of Toronto, 
Toronto, Ontario, Canada 
To evaluate the efficacy of monocosp valve to prevent early signifi~nt pul- 
monary insufficiency (PI), and its impact on the immediate postoperative clin- 
ical evolution, early postoperative echocardiographlo and clinical parameters 
were compared between 20 patients (group 1) repaired with an autologous 
pericardial monoceep valve sutured to the vantricutot0my, and 9 patients 
(group 2) without, from July 1994 to July 1995. In group 1, ratio of P1 (rPI) 
jet width measured by colour Doppler to the infundibulum diameter at the 
insertion of the monocusp valve level was used to quantify the severity of 
PI. In group 2, rPI width to the pulmonary artery diameter at native valve 
level was used. Moderate to severe PI was arbitrarily defined as a rPI above 
50%. Clinical parameters (pH, base excess, F'~D.a, Pad:z, PaCO~, mean BP, 
CVP, urine output, use of inotmpic agents) were analyzed at 6, 12, 24, and 
48 hours postoperatively. Preoperative assessment did not reveal any dif- 
ferences between the 2 groups. Within the first 2 weeks postoperatively the 
mean (± SD) rPI for group 1 (0.29 ± 0.12) was significantly lower than for 
group 2 (0,68 ± 0.30), p < 0.002, Clinical data during the first 48 h postoper- 
atively were similar in both groups except for central venous pressure, which 
was lower in group 1 (p < 0.009). 
The autotogous pericardial monocusp valve appears to prevent he ind- 
dance of moderate to severe PI within the t'=rat 2 postoperative weeks. The 
prevention of significant PI by the insertion of the monocusp valve in the 
transannuisr repair of TOF appears to reduce the volume overloading of the 
RV in the early postoperative period as demonstrated by the reduction In 
CVR 
Fate of the Aorta After Arterial Switch Operation 
Paul A. Hurter. Dagmar de Bmyn, Eric Hadnck, Erik J. Meljbeom. Dept. of 
Cardiology,, Wilhelmina ChtTdren's Hospital, University of Utrecht, the 
Netherlands 
Concerns have been voiced that the pulmonary valve serving as nee.aortic 
valve after arterial switch operation (ASO) is susceptible to dilatation and 
incompetence. Failure of the anastomosis to grow, might result in stenosis. 
This study determines the incidence of aortic compli0ations after ASO, in a 
group of patients operated since 1977. 97 pts. still alive and in the Netherlands 
formed the studied group. Median follow-up is 7.9, range 0.4 to 17.4 y, 34 pts. 
had associated VSD, 8 pts, had aortic coarctation and one had interrupted 
aortic arch. 
A normal aortic root diameter was found in 77 pts. 75/77 had no or only 
trivial aortic incompetence, 2/77 had mild (grade II/IV) incompetence, 
An aortic root diameter above normal for body surface area was found in 
20 patients. No or only trivial incompetence was seen in 17t20 lots, 2 patients 
have mild incompetence and 1 patient developed moderate (grade Ill/IV) 
incompetence with clinical significance 1,5 y after ASO. 
Normal aortic flow velocities were found in 93/97 patients. Increased flow 
has been obso~ed in 4•97. One pt. was operated for subaortic stenosls which 
was underestimated preoperatively and one lot, with transposition, VSD and 
Interrupted aortic arch required reeperatlon I week after ASO for stenosis at 
the cennulatlon site. Two pts. have aortic stenosls at site of the anastomosis, 
one of these had patch enlargement of the anastomosis during reopera- 
lion for pulmonary stanosis, the other patient did not require raoperatton to 
date. 
Re-ooarcatation was excluded in 5/6 patients, Balloon angiopieaty for 
resoarctation was necessary in 2 patients, including the one patient with 
interrupted aortic arch. One patients awaits reinteTvention. 
We conclude that after ASO the ned.aortic valve is larger than normal 
in 20% of patients and mild or moderate aortic regurgitation is seen in 
5%. A clear relationship between dilatation and Insufficiency sould not be 
demonstrated, Ste,~osls of the aortic anastomesie was seen In 2% of the 
patients. 
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~ Heart Rate Variability in Isolated Rabbit Heart 
Bernhard Fray, Georg Heger, Bert Khegler. Thomas Kos, Christian Mayer, 
GOntor Steurer. Department of Cardiology, University of Vienna, Vienna, 
Austria 
Clinical evidence for the presence of heart rate variability (HRV) in patients 
with cardiec denervation after heart transplantation raised our interest in HRV 
in an isolated hePrt preparation. Therefore heaffs of seven adult white ELCO 
rabbits were transferred to a perfusion apparatus. After a stabilization of 30 
rain. in the Langendortf mode, the hearts were peffueed in the working heart 
mode and in the Langendorft mode for 20 rain. each, HRV was analyzed in 
the frequency domain. A computer simulated ECG at a constant heart rate of 
2 Hz was used for error eatimatien of the system. In the isolated heart, HRV 
was of random, bread-bend fluctuations, different from the well characterized 
oscillations at specific frequencies in intact animals, Mean RR was 423 ± 51 
ms in the Langendorff, 406 ± 33 ms in the working heart mode and 500 ms 
in the computer simulated ECG, total power was 663 ± 207 ms2, 817 -~ 318 
ms2 and 3.7 ms2, respectively. There was no significant difference in any 
measure of HRV between Langendortf and working heart mode. These data 
show the presence of HRV in isolated, denervatad hearts. Left atrial filling, 
i.e. the working heart mode. did not alter HRV, indicating that left atrial stretch 
did not influence sinus nodal discharge rate. 
~ Heart Rate Variability During Obstructive Sleep 
Apnea 
Ph';::p B, Adamson, Be, I.in, Emilio Vanoli, Norman K, Imas, William C. Orr. 
University of Oklahoma HSC, Baptist Medical Center of Oklahoma, 
Oklahoma City,, OK 
We have demonstrated that heart rate variability (HRV) is unique during 
specific sleep stages and is significantly altered by myocardial infarction. 
Obstructive sleep apnea syndrome (OSA) is associated with increased pe- 
ripheral sympathetic nerve activity both while awake and during sleep, but 
data is limited concerning the effects of OSA on HRV during specific sleep 
stages. We examined HRV dudng non-REM sleep in 10 patients with OSA 
and compared the patterns with 9 healthy control subjects. Five minute sag- 
meres of ECG were digitized during non-REM sleep in each control subject 
and during non-REM sleep with and without apoea episodes in the patient 
group. Spectral analysis of HRV was computed with Fourier transformation 
quantifying total power (0.04-0.5 Hz), tow frequency power (LF,04--0.15 HZ), 
and high frequency power (H1=,.15--0.5 Hz). The low to high frequency ratio 
(LF/HF) was then computed. The LF/HF tended to be higher in the patient 
group without apnea vs. controls (3,3 ± t vs. 1,5 :E 0.4, respectively, p = 0.10) 
and increased significantly when the patients had apnea episodes (3.3 ± 1 to 
11 ± 2, p < 0.gg5). The change in LF/HF during apnea was due to a marked 
increase in the LF band (from 36.6 4- 5% to 67 ± 4%, p < 0.005) and reduc- 
tion in the HF band (from 31.1 ± 2% to 10.0 ± 1%, p < 0.05). These findings 
suggest that sympathetic activity is significantly elevated during non-REM 
apnea episodes in patients with OSA. Such autonomic imbalances favodng 
the sympathetic limb, especially at a time normally associated with increased 
vagal activity, may help explain the incidence of lethal events in patients with 
OSA. 
